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Description 

[0001] The present invention relates generally to an 
electromagnetic acoustic transducer (EMAT) which is 
suitable for applications for detecting surface and inter- 
nal damages and residual stress of an electrically con- 
ductive material, measuring the characteristics of the 
material (such as elastic modules, and attenuation co- 
efficient), and detecting damages and deterioration in 
the interior of the material due to load, heat, and so on, 
and to an inspection system with the electromagnetic 
acoustic resonance which is a combination of resonant 
technique and non-contacting EMAT, and which im- 
proves fairly the signal to noise ration (S/N) and com- 
pensates for the weak coupling efficiency of the EMAT 
[0002] Fig. 1 is a diagram for explaining the measur- 
ing principles of an inspection system using an EMAT. 
The EMAT transducer consists of a pair of permanent 
magnets 3a, 3b which have the opposite magnetization 
direction normal to the objects 2 surface, that is a con- 
ductive material, through a spacer 3c, and an elongated 
electrically spiral elongated coil unit 5 positioned below 
the permanent magnets 3a, 3b. The permanent mag- 
nets may be replaced with electromagnets which can 
form a similar magnetic field. 

[0003] The permanent magnets 3a, 3b generate a 
static magnetic field 4 in the depth direction of the object 
2. When the coil unit 5 is supplied with a rf burst current 

7 from a controller or processor 18, an eddy current 8 is 
generated on the surface of the object 2 in the direction 
reverse to that of the current 7. Then, the eddy current 

8 and the static magnetic field 4 interact to generate a 
Lorentz force 9 in accordance with the so-called Flem- 
ing's law. The Lorentz force 9 acts on internal free elec- 
trons of the object 2 to cause collision with ions and so 
on, to induce movements thereto in a direction perpen- 
dicular to the directions of the static magnetic field 4 and 
the rf burst current 7 in the interior of the object 2, and 
to generate ultrasonic shear waves 10. 

[0004] As the ultrasonic shear waves 10 travel in a 
direction indicated by an arrow 11, the ultrasonic shear 
waves 1 0 reflect on the upper and lower surfaces of the 
object 2 and interior damages, defects, grain bounda- 
ries, changes of material's structure and so on therein, 
and thereby return in a direction indicated by an arrow 
12. When the reflected ultrasonic shear waves 10 return 
to the vicinity of the upper surface, a force 13 is gener- 
ated. Then, an eddy current 14 is generated by an in- 
teraction of the force 1 3 and the static magnetic field 4. 
The eddy current 14 is detected by the spiral elongated 
coil unit 5 and the detected current is amplified by a pre- 
amplifier 16 and a main amplifier 17, and then sent to 
the controller 18. The controller 18 analyzes the re- 
ceived current to measure internal damages, defects, 
grain boundaries, changes of material's structure and 
so on of the object 2. 

[0005] Figs. 2(a) and 2(b) schematically illustrate a 
conventional EMAT composed of a pair of permanent 



magnets 3a, 3b and a spiral elongated coil unit 5, which 
is usable in an inspection system as shown in Fig. 1. 
Fig. 2(a) is a top plan view of the transducer and Fig. 2 
(b) is a cross-sectional view taken along a line A-A in 

5 Fig. 2(a). The spiral elongated coil unit 5 includes a 
transmitter coil 51a and a receiver reception coil 51b 
which are fabricated by manually winding a pair of 
enamel wires closely to each other and by solidifying the 
wound enamel wires with a resin. The spiral elongated 

10 coil unit 5 further includes a protection film 52 having a 
thickness of approximately 0.1 mm adhered thereto to 
support and protect the coils 51 a, 51 b. By the protection 
film, when a ferromagnetic object to be inspected is 
placed, the spiral elongated coil unit 5 may be prevented 

15 from damages caused by magnetic forces generated by 
the permanent magnets 3a, 3b and the ferromagnetic 
object. A space or spacer 3c is interposed between the 
permanent magnets 3a, 3b which have the oppose mag- 
netization directions. 

20 [0006] The conventional EMAT shown in Fig. 2 re- 
quires the protection film 52 adhered on the surface of 
the spiral elongated coil unit 5 in order to prevent the 
unit 5 from being damaged. Also, since the receiver and 
transmitter coils 51 a, 51 b are arranged on the same sur- 

25 face adjacent to each other, the spiral elongated coil unit 
5 inevitably has a large flat size. Further, since the coils 
51a, 51b is made by manually winding enamel wires, 
dispersions in the winding of wires are caused, and thus 
resulting in wide variations in the performance of fin- 

30 ished transducers. Accordingly, it may not provide a sta- 
ble quality. 

[0007] As to other conventional spiral elongated coil 
units for generation and detection of ultrasonic waves 
which EMAT, the following prior arts have been provid- 

35 ed, for example: Japanese Patent Public Disclosure 
(Laid-Open) No. 53-1078 (1978) discloses a structure 
having double spiral coils arranged on the opposing 
sides of an insulation substrate for providing separate 
transmission and reception coils. However, although the 

40 structure has the separate transmission and reception 
coils, the two coils are not provided with a common 
ground, thus exhibiting a low S/N ratio and a small gain. 
[0008] Japanese Patent Public Disclosure (Laid- 
Open) No. 62-277555 (1987) discloses a structure hav- 

45 ing a single parallel coil on one surface of an insulation 
substrate so as to use the coil for both transmission and 
reception. In this prior structure, since the single parallel 
coil arranged on one surface of the insulation substrate 
is used for both transmission and reception, the S/N ra- 

50 tio is low and the gain is small. 

[0009] Japanese Patent Public Disclosure (Laid- 
Open) No. 53-23066 (1978) discloses parallel coils 
formed on one surface of an insulation substrate in an 
"8" shape (i.e., two coils winding in opposite directions) 

55 using printing techniques. In this prior art, since the 
8-shaped parallel coil is formed on one surface of the 
insulation substrate, the entire size becomes larger. In 
addition thereto, since the two coils are not provided with 
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a common ground, the S/N ratio is low and the gain is 
small. 

[001 0] The United States Patent US-A-4 777 824 dis- 
closes an electromagnetic acoustic transducer compris- 
ing magnet means for providing a static magnetic field 
to an object to be inspected and sheet type coil means 
for making the object to transmit ultrasonic waves in said 
object and separate magnet means and sheet type coil 
means for detecting ultrasonic waves caused on said 
object. 

[0011] Fig. 3 shows another conventional inspection 
system (excluding a controller and amplifier means) for 
detecting surface and internal damages and residual 
stress of an electrically conductive material, measuring 
the characteristics of the material (such as elastic mod- 
ules, and attenuation coefficient), and detecting damag- 
es and deterioration in the interior of the material due to 
load, heat, and so on. In the system, an EMAT compris- 
es a meander coil unit 6 positioned on an inspection ob- 
ject 2 of a flat steel plate, and a permanent magnet 3, 
which generates a static magnetic field or bias magnetic 
field, positioned above the meander coil unit 6. 
[0012] When the meander coil unit 6 of the EMAT is 
applied with a rf burst current from a controller (not 
shown), rf burst currents flow on the surface of the object 
beneath parallel lines of the meander coil unit 6 in alter- 
nate directions. This results in generating Lorentz forces 
9 in reverse directions to each other, which in turn gen- 
erate ultrasonic waves 10 in the direction perpendicular 
to the parallel lines of the meander coil unit 6 on the 
object 2. When the ultrasonic waves (SO wave) 1 0 re- 
flect on damages, defects, grain boundaries, structural 
changes, and so on on the surface and in the interior of 
the object 2, and reflect on the opposing surface of the 
object 2. When the reflected waves reach the vicinity of 
the surface of the object 2, a force is generated. Then, 
a current is generated by an interaction of this force and 
the static magnetic field, and detected by the meander 
coil unit 6 to measure damages, defects, grain bounda- 
ries, structural changes, and so on on the surface and 
in the interior of the object 2. 

[0013] The conventional meander coil type EMAT 
shown in Fig. 3 uses a single coil in the coil unit both as 
a transmitter coil for generating ultrasonic waves and as 
a receiver coil having a detecting function. For this rea- 
son, the transducer exhibits a low S/N ratio and a small 
gain. In addition thereto, since the meander coil unit 6 
is constituted to be flat and not to be flexible, the trans- 
ducer cannot be utilized for a cylindrical object to meas- 
ure damages, defects, grain boundaries, organizational 
changes, and so on on the surface and in the interior 
thereof. 

[0014] In a prior art, a fatigue life and a remaining life 
of a metal material at an initial stage of its fatigue proc- 
ess is predicted by using a piezoelectric ultrasonic trans- 
ducer, contacting ultrasonic transducer. As illustrated in 
Fig. 4(a), a piezoelectric ultrasonic transducer (P.Z.T) 
2 1 vibrates to generate ultrasonic waves which mechan- 



ically propagate to an object 2 of a metallic material 
through a protective film 22 and an acoustic couplant 23 
during transmitting. During receiving, the process re- 
verse to the transmission is performed, as illustrated in 

5 Fig. 4(b), wherein vibrations of the object 2 mechanically 
propagate through the acoustic couplant 23 and the pro- 
tective film 22 to the piezoelectric ultrasonic transducer 
21 which transduces the mechanical vibrations into ul- 
trasonic waves. The ultrasonic waves are processed 

10 and analyzed by a controller (not shown) to predict fa- 
tigue life and remaining life of the object 2. 
[001 5] In the above conventional method of predicting 
a fatigue life and a remaining life, the ultrasonic waves 
often scatter due to reflections on interfaces (those are 

15 an interface between the piezoelectric ultrasonic trans- 
ducer 21 and the protective film 22, an interface be- 
tween the protective film 22 and the acoustic couplant 
23, and an interface between the acoustic couplant 23 
and the object 2) during its propagation process. Due to 

20 the scattering or absorbing ultrasonic waves, energy, 
which would otherwise be received by the piezoelectric 
ultrasonic transducer 21, leaks, and a phase change of 
the waves occurs when they reflect, thus resulting in dis- 
turbed signals. 

25 [001 6] Also disadvantageously, the characteristic and 
thickness of the acoustic couplant 23 are likely to vary 
due to change of temperature and pressing force ap- 
plied thereto, so that measured values may often widely 
vary. In addition, measured values also fairly vary unless 

30 a measuring surface of an object is finely finished. For 
these reasons, a relative comparison with an initial value 
before fatigue has been used in a fatigue life and re- 
maining life prediction method relying on attenuation of 
ultrasonic waves detected by the piezoelectric ultrason- 

35 ic transducer 21. Further, it is difficult to measure the 
absolute attenuation of the ultrasonic waves to predict 
the lifetime of the object. 

[001 7] A prior document states that in a measurement 
of attenuation characteristics during a fatigue develop- 

40 ing process using a piezoelectric ultrasonic transducer, 
the attenuation increases linearly at first and rises rap- 
idly at about 70 - 80% of fatigue life, and the attenuation 
abruptly shown in Fig. 5. Thus, if remaining life is eval- 
uated based on a point at which the attenuation abruptly 

45 increases, while monitoring the fatigue process, it is 
necessary to monitor the fatigue process up to a rather 
later time of the lifetime. 

[0018] The present invention has been made in view 
of the problems of the prior arts as mentioned above, 

so and it is object of the present invention to provide an 
EMAT which is capable of increasing the S/N ratio and 
the gain as well as achieving improved performance, 
stable quality, finer structure, and reduction in size. 
[0019] In order to achieve the object of the present 

55 invention, an EMAT of the present invention consists of: 
magnets means for providing a static magnetic field to 
an object to be inspected; and sheet type coil means for 
making said object to transmit and receive ultrasonic 
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waves in said object, said coil means including a first 
insulation layer and a pair of coils which are made of an 
electrically conductive material, are formed on opposing 
surfaces of said first insulation layer, and are positioned 
to coincident with each other through said insulation lay- 5 
er. 

Fig. 1 is a diagram for explaining the measuring 
principles by an inspection system using an electro- 
magnetic acoustic transducer; *o 
Fig. 2(a) is a top plan view schematically illustrating 
an electromagnetic acoustic transducer for polar- 
ized shear waves according to a prior art; 
Fig. 2(b) is a cross-sectional view taken along a line 
A-A of Fig. 2(a); 15 
Fig. 3 schematically shows an inspection system 
using a meander coil type electromagnetic acoustic 
transducer according to a prior art; 
Fig. 4(a) is a diagram illustrating the propagation of 
ultrasonic waves from a piezoelectric vibrator to an 20 
object during transmission period; 
Fig. 4(b) is a diagram illustrating the propagation of 
ultrasonic waves between a piezoelectric ultrasonic 
transducer and an object contacting ultrasonic 
transducer, during reception period; 25 
Fig. 5 is a graph illustrating a change in attenuation 
in a fatigue progress measured by a prior art ap- 
proach; 

Fig. 6(a) is a top plan view schematically illustrating 
an electromagnetic acoustic transducer for deflect- 30 
ed shear waves according to the present invention; 
Fig. 6(b) is a cross-sectional view taken along a line 
A-A of Fig. 6(a); 

Fig. 7 illustrates diagrams for explaining a method 
of manufacturing a flat spiral coil and meander coil 35 
units for the electromagnetic acoustic transducer 
shown in Fig. 6 according to the present inveniion; 
Fig. 8(a) is a plan view schematically illustrating a 
meander coil sheet unit for use in a meander coil 
type electromagnetic acoustic transducer accord- ^ 
ing to the present invention; 
Fig. 8(b) is a cross-sectional view taken along a line 
A-A of Fig. 8(a); 

Fig. 9 shows an inspection system using a meander 
coil type electromagnetic acoustic transducer; 
Fig. 10 shows diagrams for explaining the measur- 
ing principles by the inspection system using a me- 
ander coil type electromagnetic acoustic transduc- 
er; 

Fig. 11(a) is a top plan view schematically illustrat- 50 
ing a meander coil sheet unit for use in a meander 
coil type electromagnetic acoustic transducer ac- 
cording to the present invention; 
Fig. 11(b) is a cross-sectional view taken along a 
line A-A of Fig. 11(a); 55 
Figs. 12 - 17 schematically illustrate inspection sys- 
tems using meander coil type electromagnetic 
acoustic transducers, respectively, according to the 



present invention; 

Fig. 18 shows an inspection system for predicting a 
fatigue life based on an electromagnetic acoustic 
resonance method, which does not lie within the 
scope of the claims. 

Fig. 19 is a graph representing an example of a 
change of attenuation in a fatigue progress meas- 
ured with the electromagnetic acoustic resonance 
method; 

Fig. 20 is a flow chart illustrating a flow of operations 
for measuring fatigue and estimating lifetime based 
on the electromagnetic acoustic resonance, which 
does not lie within the scope of the claims 
Fig. 21 is a graph illustrating the result of the rela- 
tionships between an attenuation coefficient and fa- 
tigue life ratio measured by the inspection system 
shown in Fig. 18; and 

Fig. 22 is a diagram illustrating behaviors of ultra- 
sonic waves generated by an electromagnetic 
acoustic transducer, according to the present inven- 
tion. 

[0020] Embodiments of the present invention will 
hereinafter be described with reference to Figs. 6 - 22. 
In these drawings, the same or similar components as 
or to those in Figs. 1 - 5 are denoted with the same ref- 
erence numerals as those in the latter. 
[0021] Figs. 6 and 7 show an embodiment of an elec- 
tromagnetic acoustic transducer for polarized shear 
waves according to the present invention. Fig. 6(a) is a 
top plan view illustrating the transducer, provided that a 
top insulation sheet 52a of a flat spiral elongated coil 
unit 5 is neglected therefrom, and Fig. 6(b) is a cross- 
sectional view of the transducer, taken along a line A-A 
of Fig. 6(a). The illustrated electromagnetic acoustic 
transducer for polarized shear waves comprises a pair 
of permanent magnets (or electromagnets) 3s, 3b and 
a flat spiral elongated coil unit 5. The flat spiral elongat- 
ed coil unit 5 comprises spiral coils 51a, 51b made of 
an electrically conductive material and respectively 
formed on upper and lower surfaces of a middle insu- 
lating sheet 52b, as shown in Fig. 6(b), using etching or 
printing techniques. The spiral elongated coils 51a, 51b 
are positioned opposite to and coincident with each oth- 
er through the insulating sheet 52b. The flat spiral elon- 
gated coil unit 5 further comprises a lower insulating 
sheet 52c adhered on outer surface of the spiral coil 51 b 
with a heat-resistant and insulating bonding adhesive. 
The top insulation sheet 52a is also adhered on the sur- 
face of the spiral coil 52a with a heat-resistant and in- 
sulating bonding adhesive. Therefore, the sheets 52a 
and 52b sandwich the spiral coil 51a while the sheets 
52b and 52c sandwich the spiral coil 51b. 
[0022] One of the spiral coils 51a, 51b serves as a 
transmitter coil for emitting electromagnetic ultrasonic 
waves, and the other one serves as a receiving coil hav- 
ing ultrasonic waves detecting function. While it is not 
necessary to determine which of the transmitter coil and 
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the receiving coil is positioned above the other one, 
electromagnetic acoustic transducers generally have 
better receiving characteristics than transmission char- 
acteristics, so that the transmitter coil is often positioned 
closer to an object. 

[0023] A method of manufacturing the spiral coil unit 
5 of the electromagnetic acoustic transducer shown in 
Fig. 6 will be explained with reference to Figs. 7(a) - 7 
(f). First, as illustrated in Fig. 7(a), a heat resistant insu- 
lating sheet (for example, a polyimide resin sheet) hav- 
ing a thickness of approximately 25 \im is cut into a pre- 
determined outside dimension to form the insulation 
sheet 52c, and a copper foil 51 having a thickness of 
approximately 18 - 75 u.m is adhered on one surface of 
the insulation sheet 52c. Another combination of the in- 
sulating sheet 52a and a copper foil 51 is also prepared. 
[0024] Second, as illustrated in Fig. 7(b), the copper 
foils 51 attached to the insulation sheets 51a, 51c are 
patterned to form the spiral coils 51a, 51 b by etching. It 
will be of course understood by those skilled in the art 
that the coil patterns may be formed using conventional 
circuit printing techniques. 

[0025] Then, heat resistant adhesive 53 is applied on 
the surfaces of the insulation sheets 52a, 52c on which 
the coils 51 a, 51 b have been patterned, as shown in Fig. 
7(c). The adhesive also serves as insulators between 
adjacent patterns (lines) of the spiral coils, in addition to 
the adhesive for subsequently adhering an insulating 
sheet, later described. It is not always necessary to ap- 
ply the adhesive on the surface of the sheet 52c. 
[0026] Next, as illustrated in Fig. 7(d), a heat resistant 
insulation sheet forming the insulation sheet 52b is ad- 
hered on the surface of the spiral coil 51b on the sheet 
52c, then, as illustrated in Fig. 7(e), an adhesive 53 is 
applied on the upper surface of the insulating sheet 52b, 
and finally, as illustrated in Fig. 7(f), the insulation sheet 
52a having the spiral coil 51a patterned thereon, created 
at the step shown in Fig. 7(c), is adhered on the adhe- 
sive 53 on the insulation sheet 52b, created at the step 
shown in Fig. 7(e), thus completing the flat spiral elon- 
gated coil unit 5. 

[0027] As shown in Fig. 6(a), a first end of the spiral 
coil 51a is extending through a throughhole 54a formes 
through the insulation sheet 52a, and a first end of the 
spiral coil 51b is extending through a throughhole 54b 
formed through the insulation sheets 52a, 52b, to the 
upper surface of the coil unit 5, where they are connect- 
able to external leads. The other ends of the spiral coils 
51a, 51b are similarly extending through throughholes 
to the upper surface of the spiral coil unit 5 and are com- 
monly connected to a ground. Since all the ends of the 
spiral coils are induced to the upper surface of the insu- 
lation sheet 52a or the coil unit 5, the bottom surface of 
the transducer, which faces an object to be inspected, 
can be made to be smooth. 

[0028] A fiat spiral coil unit 5 having the structure il- 
lustrated in Fig. 6 was fabricated based on the foregoing 
manufacturing method shown in Fig. 7. Exemplary di- 



mensions of the fabricated flat spiral coil unit 5 were as 
follows. The outside dimension of the coil unit 5 or the 
insulation sheets 52a - 52c had a length (L) of 40 mm 
and a width (W) of 25 mm. The insulation sheets 52a - 

5 52c had substantially the same thickness (H) of 0.025 
mm. The spiral coils 51a, 51b between the insulation 
sheets had a width (W1) of 0.1 mm, an interval (L1) of 
0.1 mm, and a thickness (H 1 ) of 0.01 8 mm. The number 
of turns of the spiral coils were 44. (As to L, W, H, W1, 

10 L1 and H1, refer to Fig. 6(a).) The spiral coils 51a, 51b 
respectively had a resistance value of 50G and an in- 
ductance of 40 \lH. The fabricated flat spiral coil unit had 
a sufficient sensitivity in practical for an electromagnetic 
acoustic transducer. 

15 [0029] According to the ultrasonic transducer of the 
present invention described with reference to Figs. 6 
and 7, it is possible to realize improved performance, 
stability, uniform quality, reduction in size, finer struc- 
ture, reduction in manufacturing time, and enhanced 

20 functionality (increased S/N ratio) by an ideal parallel 
coil. 

[0030] That is, since the insulation sheet 52b can be 
made of a heat resistant insulation material of, for ex- 
ample, polyimide, having a thickness of approximately 

25 several 1 0 microns, and the spiral coils 51 a, 51 b respec- 
tively serving as reception and transmission coils can 
be positioned opposite to and coincide (overlapping) 
with each other through the insulation sheet 52b, reflec- 
tion waves of transmitted ultrasonic shear waves from 

30 the transmitter coil can be captured by the receiver coil 
at the same position, thus making it possible to make 
accurate measurements. 

[0031 ] Further, since the spiral coils can be fabricated 
with an accurately defined coil interval L1 by using a cir- 

35 cuit printing technique, stable ultrasonic waves can be 
received. The use of the insulation adhesive 53 for ad- 
hering the insulation sheets to the spiral coils enables 
the adjacent wires of the spiral coils to be insulated from 
each other. Accordingly, the flat spiral coil unit can be 

40 employed in an inspection system wherein a power of 
approximately 1000 volts is supplied. 
[0032] In addition thereto, since the spiral coils are ar- 
ranged on the opposing surfaces of the insulation sheet 
52b, a smaller and finer coil structure can be provided, 

45 as compared with a conventional spiral coil fabricated 
by manually winding cladded copper wires such as 
enamel wires on a surface of a sheet, and the insulation 
sheet 51 a, 51c positioned the outer sides of the coil unit 
5 also serves as protective films. Further, since all the 

50 ends of the spiral coils for connecting to external circuits 
are lead to the upper surface of the coil unit, the lower 
surface thereof can be obtained with no rugged portion 
and thus it can be face an object with a uniform distance. 
[0033] Figs. 8 shows an example of a meander coil 

55 unit 6 according to the present invention, which can be 
employed in an electromagnetic acoustic transducer of 
an inspection system as shown in Fig. 3. Fig. 8(a) is an 
explanatory top plan view of the meander coil unit 6, and 
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Fig. 8(b) is a cross-sectional view taken along a line A-A 
of Fig. 8(a). As illustrated, the meander coil unit 6 is fab- 
ricated by aligning three meander enamel wires 61a, 
61 b 1f 61 b 2 close to each other by hand, and patterning 
the enamel wires appropriately to a particular object to 
be inspected while solidifying the enamel wires with a 
resin to form a resin sheet 62. The meander coil unit 6 
is so flexible to bend. 

[0034] The central wire 61 a within the three meander 
wires is used as a transmitter coil for generating ultra- 
sonic waves according to an electromagnetic action, 
and the remaining two outside wires 61 b., , 61 b 2 are used 
as receiver coils having an ultrasonic wave detection 
function. By thus separately providing the transmitter 
coil 61a and the receiver coils 61b 1f 61 b 2 , the S/N ratio 
and the gain can be increased. 
[0035] Fig. 9 is a diagram of an inspection system for 
a cylindrical object 20 in which the meander coil unit 6 
shown in Fig. 8 is used. The system further includes a 
solenoid coil 3, pre-amplifier 16, main amplifier 17, con- 
troller 18, and DC power supplier 40. Fig. 10 illustrates 
behaviors on the surface of the cylindrical object 20 be- 
neath the meander coil unit 60. Although Fig. 9 illus- 
trates only a meander line of the meander coil unit 6, the 
line represents the band of the meander coils 61 a, 61 b v 
61 b 2 . In the inspection system shown in Fig. 9, an elec- 
tromagnetic acoustic transducer comprises the solenoid 
coil 3 and the meander coil unit 6. A DC current l DC is 
applied to the solenoid coil 3 from the DC power supplier 
source 40 to magnetize the cylindrical object 20 with a 
static magnetic field MF4. Subsequently, a rf burst cur- 
rent l AC is applied from the controller 18 to the meander 
coil unit 6 surrounding the cylindrical object 20 to gen- 
erate an alternate magnetic field MF8 on the surface of 
the object 20 beneath parallel lines, or the parallel bands 
of the wires or coils 61 a, 61 b 1 , 61 b 2 of the meander coil 
unit 6, in the direction perpendicular to that of the static 
magnetic field MF4, as illustrated in Fig. 10(a). Thus, a 
combined magnetic field MF10 is generated at an angle 
0 relative to the direction of the static magnetic field 
MF4. 

[0036] Referring further to Fig. 10(a), in adjacent ar- 
eas beneath the parallel bands of the meander coil unit 
60, the directions of the combined magnetic field MF10 
at the respective areas are symmetric to the direction of 
the static magnetic field MF4. Thus, micro areas of the 
object 20 under the parallel bands are subjected to 
shear deformation due to a magnetostrictive effect. As 
the direction of the alternate magnetic field MF8 chang- 
es, ultrasonic waves (axially symmetric SH waves) are 
generated and travel in a direction indicated by arrows 
D14. When the ultrasonic waves reach end faces of 
damages, defects, grain boundaries, structural chang- 
es, and so on on the surface and in the interior of the 
object 20, they are reflected therefrom in the direction 
D17 as shown in Fig. 10(c). When the reflected ultra- 
sonic waves reach the vicinity of the surface of the cy- 
lindrical object 20, a force F18 is generated, and a cur- 



rent I 19 is generated by an interaction of the force F18 
and the static magnetic field MF4. The current l 19 is de- 
tected by the receiver coil 61b 1f 61b 2 , amplified by the 
pre-amplifier 16, further amplified by the main amplifier 
5 1 7, and sent to the controller 1 8. The controller 1 8 ana- 
lyzes the current l 19 which has been amplified to meas- 
ure darnages, defects, grain boundaries, structural 
changes and so on on the surface and in the interior of 
the object 20. 

10 [0037] It is of course that the meander that coil unit 6 
shown in Fig. 8 can be used to inspect such a plane 
object 2 as shown in Fig. 3. 

[0038] Fig. 11 illustrates another meander coil unit 6 
according to the present invention, which is usable in 

15 the inspection system shown in Fig. 9, wherein Fig. 11 
(a) is a top plan view of the meander coil unit 6, and Fig. 
11(b) is a cross-sectional view taken along a line A-A of 
Fig. 11(a). The meander coil unit 6 of this embodiment 
comprises a meander coil 61a and a meander coil 61b, 

20 both made of an electrically conductive material, formed 
on the opposing surfaces of an insulation sheet 62b 
made of heat resistant resin (for example, polyimide) us- 
ing etching or printing techniques. The meander coils 
61a, 61 b are positioned opposite to and coincident with 

25 each other through the insulation sheet 62b. Also, an 
insulation sheets 62a, 62c are adhered on each of the 
surfaces of the meander coils 61a, 61b with a heat re- 
sistant and insulating adhesive. 
[0039] One of the meander coil 61 a, 61 b serves as a 

30 transmitter coil for emitting ultrasonic waves, and the 
other one serves as a receiver coil having a detecting 
function. Since electromagnetic acoustic transducers 
generally have better receiver characteristics than 
transmission characteristics, the transmitter coil is pre- 

35 ferred to be positioned nearer an object. The meander 
coil unit 6 shown in Fig. 11 can be also employed to in- 
spect a flat object 2 as shown in Fig. 3. The ends of the 
meander coils 61a, 61b shown in Fig. 11 are extending 
through through holes to the upper surface of the unit 6, 

40 similarly to those of the spiral coil 5 shown in Fig. 6. 
[0040] The meander coil unit 6 shown in Fig. 1 1 is also 
fabricated similarly to that of the spiral coil unit 5 shown 
in Fig. 6, though the coil patterns are different. 
[0041] A meander coil unit 6 having the structure il- 

45 lustrated in Fig. 11 was fabricated based on the manu- 
facturing method similar to that shown in Fig. 7. Exem- 
plary dimensions of the meander coil unit 6 are as fol- 
lows. The outside dimension of each of the insulation 
sheets 62a - 62c have a length (L) of 44.5 mm, a width 

50 (W) of 25 mm, and a thickness (H) of 0.025 mm. The 
meander coils 61a, 61b have a width (L1) of 0.11 mm, 
a pitch (W1) of 0.9 mm, and a thickness (H1) of 0.025 
mm. The number of meandering lines is 48. The mean- 
der coils 61a, 61 b respectively have a resistance value 

55 of 12ft and an inductance of 1 jiH, thus being provided 
a meander coil unit 6 for a transducer practically having 
a sufficient sensitivity. 

[0042] The employment of the meander coil as illus- 
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trated in Fig. 11 to a meander coil type electromagnetic 
acoustic transducer results in the following beneficial ef- 
fects. 

[0043] First, the insulation sheet 62b is a heat resist- 
ant insulating sheet of, for example, polyimide, having 
a thickness of approximately several-ten microns, and 
the meander coil 61 a, 61 b serving as receiver and trans- 
mitter coils are positioned opposite to and coincide 
(overlapping) with each other through the insulation 
sheet 62b, so that reflected waves of transmitted waves 
from the transmitter coil can be captured by the receiver 
coil at the same position, thus making it possible to make 
accurate measurements, as compared with the mean- 
der coil unit 6 shown in Fig. 8. 
[0044] Second, since the meander coils 61a, 61b are 
fabricated with an accurately defined coil pitch W, as 
compared with coils formed of manually wound wires, 
stable ultrasonic waves can be received. 
[0045] Third, the use of the insulation adhesive for ad- 
hering the insulation sheets enables adjacent portions 
of each of the meander coils 61a, 61b to be insulated 
from each other, with the result that the finished trans- 
ducer can resist an applied voltage of approximately 
1000 volts during measurements. 
[0046] Fourth, since the meander coils are arranged 
on the opposing surfaces of the insulation sheet 62b, it 
is possible to provide uniform quality, reduction in size, 
finer structure, reduction in manufacturing time, and en- 
hanced functionality (increased S/N ratio) by an ideal 
parallel coil, as compared with coils fabricated by wind- 
ing cladded copper wires such as enamel wires or the 
like by hand. 

[0047] Fifth, the meander coil unit 6 is planarized 
(formed into a sheet) so that it is flexible, and a rugged 
portion between an object to be inspected and the me- 
ander coil unit 6 is eliminated. 

[0048] Fig. 1 2 illustrates a second embodiment of an 
inspection system using the meander coil unit 6 shown 
Fig. 8 or 11 , according to the present invention. The me- 
ander coil unit 6 is positioned on the circumferential sur- 
face of a cylindrical object 20. A core 24, made of a mag- 
netic material, extends through the internal space of a 
solenoid coil 3 for generating a static electric field and 
through the internal space of the cylindrical object 20 to 
form a magnetic circuit. Then, a static magnetic field is 
generated in the axial direction of the object 20 to gen- 
erate ultrasonic waves (axially symmetric SH waves). In 
Fig. 12, the symbol "E" denotes a ground terminal. 
[0049] Fig. 1 3 shows a third embodiment of an inspec- 
tion system using the meander coil unit 6 shown Fig. 8 
or 11< according to the present invention. In the system, 
a core 24 extending through a solenoid coil 3 and mag- 
netically connecting the coil 3 with a cylindrical object 
20, is constituted as a U-shape to have open ends where 
toroidal (annular) portions 24a, 24b are formed. Each of 
the toroidal portions 24a, 24b can be divided into an up- 
per half and a lower half along a central portion thereof 
(indicated by a solid line A). Thus, when the object 20 



is to be mounted, the lower halves are removed to fit the 
object 20 into recesses of the upper halves, and then 
the lower halves are coupled to the upper halves with a 
suitable means, not shown. With the toroidal portions 
5 24a, 24b having the structure described above, even if 
the cylindrical object 20 has both ends with a diameter 
larger than the inner diameter of the toroidal portions so 
that the object 20 cannot be passed through the toroidal 
portions 24a, 24b, the object can be readily mounted in 

10 the toroidal portions. 

[0050] A meander coil unit 6 shown in Fig. 6 or 11 is 
placed on the circumferential surface of the cylindrical 
object 20 to generate a static magnetic filed in the lon- 
gitudinal direction of the object so as to generate ultra- 

15 sonic waves (axially symmetric SH waves). 

[0051] Fig. 14 illustrates a third inspection system ac- 
cording to the present invention wherein an electromag- 
netic acoustic transducer has a pair of the meander coil 
units shown in Fig. 11. As the units, the meander coil 

20 units 6 shown in Fig. 8 is also usable. In Fig. 14, the 
meander coil units are denoted by the symbol ^a" and 
"60". A pair of permanent magnets (or electromagnets) 
3a, 3b for generating a static magnetic field are posi- 
tioned on a plate-like object 2, with a predetermined 

25 spacing therebetween, so as to generate the static mag- 
netic field around the central area therebetween in the 
axial direction of thereof. The meander coil units 6a, 6b 
are placed between the permanent magnets 3a, 3b with 
a predetermined spacing therebetween in, the axial di- 

30 rection of the magnets 3a, 3b. One of the meander coil 
units 6a, 6b is used for transmitting and the other for 
receiving. In Fig. 14, the left-hand meander coil unit 6a 
is used for transmitting of ultrasonic wave (surface SH 
wave), and the right-hand meander coil unit 6b is used 

35 for receiving, in Fig. 14. 

[0052] Instead of using the meander coil units 6a, 6b 
as shown Fig. 14, both the units can be used for trans- 
mitting and receiving. In this case, ultrasonic waves are 
generated simultaneously from both the meander coil 

40 unit 6a, 6b and received simultaneously by both, so that 
the S/N ratio can be increased. Fig. 15 shows a fourth 
embodiment of an inspection system according to the 
present invention wherein both meander coil units 6a, 
6b, each having the constitution shown in Fig. 11, are 

45 used for transmitting and receiving. The lower coils of 
the meander coil units 6a, 6b are applied with a voltage 
form a controller 18 such that ultrasonic waves are si- 
multaneously transmitted from both the coil units 6a, 6b, 
and the upper coils thereof receives the transmitted ul- 

50 trasonic waves. With this configuration, the sensitivity is 
further improved. It is of course the matter that meander 
coil unit each having the structure shown in Fig. 8 can 
be also used as the meander coil units 6a, 6b in the 
fourth embodiment. 

55 [0053] Figs. 16 and 17 illustrate fifth and sixth embod- 
iments of an inspection system according to the present 
invention wherein a pair of meander coil units 6a, 6b 
having the structure shown in Fig. 11 are incorporated. 
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Figs. 16(a) and 17(a) are front views of the embodi- 
ments each for showing a positioning relationship be- 
tween a permanent magnet (or electromagnet) 3 and 
the meander coil units 6a, 6b in a front view, and Figs. 
1 6(b) and 1 7(b) are top plan views for showing the same 
positional relationships. In the system shown in Fig. 17, 
the magnet 3 is constituted to have a U-shape. 
[0054] In each of the systems shown in Fig. 16 or 17, 
the magnet 3 is positioned above an object 2 to be in- 
spected to generate a static magnetic field in the thick- 
ness direction (Fig. 16) and longitudinal direction (Fig. 
1 7) of the object 2 and the meander coil units 6a, 6b are 
positioned between the object 2 and the permanent 
magnet (or electromagnet) 3 with a predetermine spac- 
ing therebetween. One of the meander coil units 6a, 6b 
is used for transmitting, and the other for receiver. In 
Figs. 16 and 17, the right-hand meander coil unit 6b is 
represented as a transmission unit for transmitting ul- 
trasonic wave (SO wave) signals to the left-hand mean- 
der coil unit 6a. 

[0055] Since the connections of the meander coil 
units 6a, 6b with a controller, a main amplifier, and a pre- 
amplifier in the fifth and sixth embodiments are substan- 
tially the same as those illustrated in Figs. 9, 12 - 15, 
the illustration of these components is omitted in Figs. 
16 and 17. It should be noted that in the meander coil 
units 6, 6a, 6b employed in the system shown in Figs. 
9 and 12 - 17, the earth ends E of the transmitting and 
receiving meander coils of the respective coil units are 
connected to each other. 

[0056] In the inspection system shown in Figs. 9 and 
12-17 using the meander coil type electromagnetic 
acoustic transducers, the transducer illustrated in Fig. 
16 utilizes a Lorentz force as an excite force for gener- 
ating ultrasonic waves, while the remaining transducers 
utilizes a magnetostrictive force as the excite force. 
[0057] According to the electromagnetic acoustic 
transducers employing the meander coil units shown in 
Figs. 8 and 11, since the meander coil units have the 
separate transmitting meander coil and receiving mean- 
der coil, a higher S/N ratio and a larger gain can be ac- 
complished, and since they have a high flexibility they 
can be employed to inspect cylindrical objects. 
[0058] Using the meander coil unit shown in Fig. 11, 
since the meander coils are positioned on the opposing 
surfaces of the middle insulation sheet so as to face 
each other and they can be easily formed as ideal par- 
allel coils, it is possible to realize improved performance, 
stability, uniform quality, reduction in size, finer struc- 
ture, reduction in manufacturing time, and enhanced 
functionality (increased S/N ratio), which cannot be ac- 
complished by conventional electromagnetic acoustic 
transducers. 

[0059] Next, another inspection system which does 
not lie within the scope of the claims, employs an elec- 
tromagnetic acoustic transducer and predicts fatigue life 
relying on electromagnetic acoustic resonance will be 
explained with reference to Fig. 18. The system basical- 



ly comprises the same components as shown in Fig. 1 , 
and further includes a computer 19. 
[0060] As illustrated in Fig. 18, the inspection system 
or lifetime prediction system includes a pair of perma- 

5 nent magnets (or electromagnets) 3a, 3b, a flat spiral 
coil unit 5, a pre-amplifier 1 6, a main amplifier 1 7, a con- 
troller 18, and the computer 19. The meander coil type 
EMAT can be also applied to the system. 
[0061] As has been explained with reference to Fig. 

10 1 , when a rf burst current 7 is applied from the controller 
18 to the flat spiral coil unit 5, the eddy current 8 is gen- 
erated in the object 2 in the direction opposite to that of 
the high frequency current, and a Lorentz force 9 is gen- 
erated by an interaction of the eddy current 8 and a static 

15 magnetic field 4 generated by the magnets 3a, 3b, in 
accordance with the Fleming's left hand law. 
[0062] The Lorentz force 9 acts on internal free elec- 
trons inside the object 2 to cause collision with ions and 
so on, and induce movements perpendicular to the di- 

20 rection of the static magnetic field 4 and the eddy current 
8 to generate ultrasonic shear waves 1 0. The ultrasonic 
shear waves 10 travel in a direction indicated by the ar- 
row 1 1 , propagate on the surfaces and in the interior of 
the object 2, in which organizational changes, micro- 

25 cracks, and so on have occurred due to fatigue, and re- 
flect on the opposing surface of the object 2. When the 
ultrasonic shear waves 10 reach near the upper surface 
of the object 2 by travelling in the direction indicated by 
the arrow 12, a force 13 is generated. An eddy current 

30 14 is generated by an interaction of this force 13 and the 
static magnetic field 4. 

[0063] The eddy current 1 9 is detected by the flat spi- 
ral coil unit 5. The detected signal representative of the 
eddy current 14 is amplified by the pre-amplifier 16 and 

35 the main amplifier 1 7, and sent to the controller 1 8. Fur- 
ther, the signal is provided from the controller 18 to the 
computer 19. The controller 18 comprises a superhet- 
erodyne measuring system which can make a measure- 
ment in a short time because it only requires amplitude 

40 and phase of the detection signal. 

[0064] The principles of the electromagnetic acoustic 
resonance method will be explained. When the rf burst 
current provided to the flat spiral coil unit 5 from the con- 
troller 18 is a burst high frequency current having a con- 

45 stant amplitude and a constant frequency), the ultrason- 
ic shear waves 1 0 are burst waves. The burst ultrasonic 
waves 10 repeatedly reflect on opposing surfaces of the 
object 2, and when the ultrasonic waves reach an inci- 
dent plane, the coil unit 5 detects the burst waves as the 

50 eddy current. 

[0065] If a cycle of the burst waves is longer than a 
time required for the ultrasonic shear waves 1 0 to ply to 
propagate back and fourth within thickness direction of 
the object 2, the reflected signals received by the coil 

55 unit 5 overlap. Since the reflected signals simultaneous- 
ly received at the coil unit 5 are individual propagation 
time periods (= individual propagating distances /an ul- 
trasonic wave speed), the reflected signals generally dif- 
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fer in phase from each other. As a result, interference 
occurs in the overlapping reflected signals. More spe- 
cifically, if the overlapping reflected signals are coinci- 
dent in phase, peaks and valleys of the respective sig- 
nals overlap to intensify each other. On the contrary, if 5 
the overlapping reflected signals differ in phase, peaks 
and valleys of the respective signals offset each other 
so that the signals become smaller. Thus, by adjusting 
the burst wave cycle such that a propagation time period 
required for the ultrasonic shear waves to propagate io 
back and fourth within thickness direction of object 2 is 
an integer multiple of the burst wave cycle, a composite 
wave having large interference can be provided. The 
condition mentioned above is referred to as "ultrasonic 
resonance". *5 
[0066] Since the electromagnetic acoustic transducer 
has an extremely low transduce efficiency, only mini- 
mum energy at a receiving stage is transduced into an 
electric signal, so that the propagation of the ultrasonic 
waves in the object is not affected. In the system shown 20 
in Fig. 18, the ultrasonic resonance is caused by the 
electromagnetic acoustic transducer (or, the magnets 
3a, 3b, and coil unit 5) under a control of the controller 
18, to predict fatigue life of the object 2. 
[0067] In the fatigue life prediction system, a reso- 25 
nance frequency and attenuation characteristics are ac- 
curately measured at every measurement sampling 
time, and a fatigue progress is monitored by comparing 
the detected attenuation characteristics with a database 
in the computer 1 9 containing an attenuation character- 30 
istic curve experimentally obtained. Fig. 19 represents 
an attenuation characteristic curve, that is a relationship 
of an attenuation coefficient to the number of repetitions 
(or number of repetitions / number of times of fatigue 
rupture), stored in the database. 35 
[0068] As shown in Fig. 1 9, the attenuation coefficient 
exhibits a peak value P at 20 - 30% of the fatigue, and 
abruptly drops after the peak, followed by a gradual in- 
crease till rupture. The peak value P corresponds to oc- 
currence of fatigue crack. Thus, the fatigue life predic- *o 
tion system takes advantage of the behavior of such a 
peak value P regarding the object 2 to accurately meas- 
ure lifetime thereof and assess the fatigue damage. Fur- 
ther, from the fact that an increasing ratio of the attenu- 
ation coefficient is extremely small in a range such as 45 
below a fatigue limit, the changing ratio of the attenua- 
tion coefficient is monitored to predict that fatigue frac- 
ture will not occur. 

[0069] If the database does not contain a correspond- 
ing condition, an estimation is made using a known neu- 50 
ral network approach to create an attenuation curve as- 
sociated with the condition. 

[0070] Fig. 20 is a flow chart illustrating a flow of op- 
erations performed for measuring fatigue damage and 
estimating lifetime of the object 2 in the system shown 55 
in Fig. 18. First, material characteristics (a sonic speed 
in the material and so on) of the object 2, measurement 
conditions including a resonance frequency, a range, 



and so on are inputted (step ST1). Attenuation curves 
in the database are referenced based on the inputted 
data to confirm whether or not the database has an at- 
tenuation curve corresponding to the set conditions 
(step ST2). If YES, an optimal attenuation curve is ex- 
tracted from the database (ST3). If NO, the neural net- 
work approach is used to estimate an attenuation curve 
appropriate to the set conditions (step ST4). 
[0071] Subsequently, an attenuation coefficient is 
measured at a resonance frequency which is also meas- 
ured by the system (step ST5), and the attenuation 
curve extracted from the database or estimated using 
the neural network approach is referenced with the 
measured attenuation coefficient value (step ST6) to 
confirm a damaged condition and to check whether or 
not the attenuation coefficient indicates a peak value P 
of the extracted or estimated attenuation curve (step 
ST7). If the peak value is indicated, a fatigue life ratio is 
calculated from the attenuation curve to derive remain- 
ing life and lifetime (step ST8). 
[0072] If the measured attenuation coefficient is not 
indicated the peak value P at step ST7, the monitoring 
is continued. While the monitoring, it is checked whether 
or not an increasing ratio of the measured attenuation 
coefficient is equal to or larger than a limit value (in- 
creasing ratio of attenuation coefficient > limit value) 
(step ST9). If the increasing ratio is smaller than the limit 
value, the fatigue process is advanced (step ST10) and 
the monitoring is continued. If the increasing ratio is larg- 
er than the limit value, i.e., if the increasing ratio has 
exceeded the limit value, a peak value P is estimated 
from the attenuation curve in the database and the 
measurement results using the neural network ap- 
proach. 

[0073] Fig. 21 illustrates the results of detection of at- 
tenuation characteristics to monitor a fatigue developing 
of an object, using the system shown in Fig. 18 with the 
electromagnetic acoustic resonance method. The ma- 
terial of the object was pure copper and the resonance 
frequency thereof was near 4 MHz. As is apparent from 
the graph in Fig. 21, the attenuation coefficient exhibits 
a peak value at approximately 25% of fatigue life. While 
materials extracted even from the same manufacturing 
lot differ in the number of fatigue cycle corresponding to 
the peak and the number of fatigue cycle associated 
with fatigue fracture, they exhibit substantially the same 
fatigue life ratio value (number of repetitions / number 
of times of fatigue rupture) corresponding to the peak 
value. 

[0074] By making measurements in accordance with 
the electromagnetic acoustic resonance method using 
the electromagnetic acoustic transducer (or the mag- 
nets 3a, 3b and the coil unit 6), ultrasonic waves are 
generated directly on the measurement surface of the 
object 2, as illustrated in Fig. 22, so that no interface 
(see the interface between the piezoelectric ultrasonic 
transducer 21 and the protective film 22, the interface 
between the protective film 22 and the acoustic couplant 
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23, and the interface between the acoustic coupiant 23 
and the object 2 in Fig. 4) exists in the propagation path 
of ultrasonic waves. Thus, the signal transduced from 
the ultrasonic waves by the electromagnetic acoustic 
transducer does not include disturbance. Also, the sur- 
faces of the object 2 need not be finely finished . Further, 
since an absolute value of the absolute attenuation co- 
efficient of the object 2 can be directly measured, it is 
possible to accurately capture changes in the object dur- 
ing a fatigue process. 

[0075] In addition, as illustrated in Fig. 19, as fatigue 
advances, the attenuation coefficient begins to in- 
crease, exhibits a peak value at 20 - 30% of the lifetime, 
abruptly drops after the peak, and again increases till 
fracture. Since such data on change in attenuation in 
the fatigue progress are utilized in the database, accu- 
rate prediction of the lifetime assessment of fatigue 
damage can be obtained. 

[0076] It should be noted that the objects and advan- 
tages of the invention may be attained by means of any 
compatible combination(s) particularly pointed out in the 
items of the following summary of the invention and the 
appended claims. 

SUMMARY OF THE INVENTION 

[0077] 

1 . An electromagnetic acoustic transducer compris- 
ing: 

magnet means for providing a static magnetic 
field to an object to be inspected; and 
sheet type coil means for making said object to 
transmit ultrasonic waves in said object and for 
detecting ultrasonic waves caused on said ob- 
ject, said coii means including a first insulation 
layer and a pair of coils which are made of an 
electrically conductive material, are formed on 
opposing surfaces of said first insulation layer, 
and are positioned to coincident with each other 
through said insulation layer. 

2. An electromagnetic acoustic transducer 

wherein one of said coils is for transmit- 
ting to cause said ultrasonic waves with electro- 
magnetic actions, and the other one is for receiving 
to detect said ultrasonic waves. 

3. An electromagnetic acoustic transducer 

wherein 

said coil means further comprises second and 
third insulation layers which cover said coils on the 
surfaces of said first insulation layer, respectively, 
and 

first ends and second ends of said respective 
coils extend through throughholes formed through 
said first and second insulation layers to the surface 
of said ultrasonic transducer, where said first and 



second ends are connectable to external leads and 
said second ends are commonly connected to form 
a common ground terminal. 

4. An electromagnetic acoustic transducer 

5 wherein said coils of said coil means are 

spiral coils. 

5. An electromagnetic acoustic transducer 

wherein said coils of said coil means are 
meander coils. 
10 6. An electromagnetic acoustic transducer 

wherein said magnet means comprises 
a pair of permanent magnets positioned with a 
space. 

7. An electromagnetic acoustic transducer 

15 wherein said magnet means comprises 

a pair of solenoid coils. 

8. An electromagnetic acoustic transducer 

wherein said magnet means comprises 
a permanent magnet. 
20 9. An electromagnetic acoustic transducer 

wherein said magnet means comprises 
a solenoid coil. 

10. An electromagnetic acoustic transducer 

wherein said coil means having said 
25 meander coils has a flexibility to apply to a cylindri- 
cal object. 

11 . An electromagnetic acoustic transducer 

wherein said magnet means comprises 
a solenoid coil which has an inner diameter so that 
30 said cylindrical object with said solenoid coil around 
it can extend inside said solenoid coil along a lon- 
gitude direction. 

12. An electromagnetic acoustic transducer 

wherein said ultrasonic transducer fur- 
35 ther comprises a core of a magnetic material, said 
magnet means comprises a solenoid coil, and said 
core extends inside said solenoid coil along a lon- 
gitude direction. 

13. An electromagnetic acoustic transducer 

40 wherein said core has a diameter so that 

it can extend inside said cylindrical object. 

14. An electromagnetic acoustic transducer 

wherein said core have a U-shape, the 
central portion of which extends inside said sole- 
45 noid coil and both ends of which have ring portions 
through which said cylindrical object can extend. 

1 5. An electromagnetic acoustic transducer 

wherein each of said ring portions is di- 
vided into at least two parts, thereby said cylindrical 
50 object being easily inserted in the ring portions. 

16. An electromagnetic acoustic transducer 

wherein said magnet means comprises 
a pair of permanent magnets and said coil means 
is formed as a pair of sheet coil units which are po- 
55 sitioned between said permanent magnets. 

17. An electromagnetic acoustic transducer 

wherein said magnet means comprises 
a permanent magnet, and said coil means is formed 
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as a pair of sheet coil units which are positioned be- 
tween said object and said permanent magnet. 
18. An electromagnetic acoustic transducer 

wherein said magnet means comprises 
a permanent magnet having a U-shape, and said 
coil means is formed as a pair of sheet coil units 
which are positioned between both ends of said per- 
manent magnet over said object. 



Claims 

1. An electromagnetic acoustic transducer compris- 
ing: 

magnet means for providing a static magnetic 
field to an object to be inspected; and 
sheet type coil means for making said object to 
transmit ultrasonic waves in said object and for 
detecting ultrasonic waves caused on said ob- 
ject, said coil means including a first insulation 
layer and a pair of coils which are made of an 
electrically conductive material, are formed on 
opposing surfaces of said first insulation layer, 
and are positioned coincident with each other 
through said insulation layer. 

2. An electromagnetic acoustic transducer according 
to Claim 1 , wherein one of said coils is for transmit- 
ting to cause said ultrasonic waves with electro- 
magnetic actions, and the other one is for receiving 
to detect said ultrasonic waves. 

3. An electromagnetic acoustic transducer according 
to Claim 1, wherein 

said coil means further comprises second and 
third insulation layers which cover said coils on the 
surfaces of said first insulation layer, respectively, 
and 

first ends and second ends of said respective 
coils extend through throughholes formed through 
said first and second insulation layers to the surface 
of said ultrasonic transducer, where said first and 
second ends are connectable to external leads and 
said second ends are commonly connected to form 
a common ground terminal. 

4. An electromagnetic acoustic transducer according 
to Claim 1 , wherein said coils of said coil means are 
spiral coils. 

5. An electromagnetic acoustic transducer according 
to Claim 1 , wherein said coils of said coil means are 
meander coils. 

6. An electromagnetic acoustic transducer according 
to Claim 4, wherein said magnet means comprises 
a pair of permanent magnets positioned with a 



space. 

7. An electromagnetic acoustic transducer according 
to Claim 4, wherein said magnet means comprises 

5 a pair of solenoid coils. 

8. An electromagnetic acoustic transducer according 
to Claim 5, wherein said magnet means comprises 
a permanent magnet. 

10 

9. An electromagnetic acoustic transducer according 
to Claim 5, wherein said magnet means comprises 
a solenoid coil. 

15 10. An electromagnetic acoustic transducer according 
to Claim 5, wherein said coil means having said me- 
ander coils has a flexibility to apply to a cylindrical 
object. 

20 11. An electromagnetic acoustic transducer according 
to Claim 1 0, wherein said magnet means comprises 
a solenoid coil which has an inner diameter so that 
said cylindrical object with said solenoid coil around 
it can extend inside said solenoid coil along a lon- 

25 gitude direction. 

12. An electromagnetic acoustic transducer according 
to Claim 10, wherein said ultrasonic transducer fur- 
ther comprises a core of a magnetic material, said 

30 magnet means comprises a solenoid coil, and said 
core extends inside said solenoid coil along a lon- 
gitude direction. 

13. An electromagnetic acoustic transducer according 
35 to Claim 12, wherein said core has a diameter so 

that it can extend inside said cylindrical object. 

14. An electromagnetic acoustic transducer according 
to Claim 12, wherein said core has a U-shape, the 

40 central portion of which extends inside said sole- 
noid coil and both ends of which have ring portions 
through which said cylindrical object can extend. 

15. An electromagnetic acoustic transducer according 
45 to Claim 14, wherein each of said ring portions is 

divided into at least two parts, thereby said cylindri- 
cal object being easily inserted in the ring portions. 

16. An electromagnetic acoustic transducer according 
50 to Claim 5, wherein said magnet means comprises 

a pair of permanent magnets and said coil means 
is formed as a pair of sheet coil units which are po- 
sitioned between said permanent magnets. 

55 17. An electromagnetic acoustic transducer according 
to Claim 5, wherein said magnet means comprises 
a permanent magnet, and said coil means is formed 
as a pair of sheet coil units which are positioned be- 
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tween said object and said permanent magnet. 

18. An electromagnetic acoustic transducer according 
to Claim 5, wherein said magnet means comprises 
a permanent magnet having a U-shape, and said 
coil means is formed as a pair of sheet coil units 
which are positioned between both ends of said per- 
manent magnet over said object. 



Patentanspruche 

1. Ein elektromagnetischer akustischer Wandler, der 
folgendes aufweist: 

Magnetmittel zum Vorsehen eines statischen 
Magnetfeldes an einem zu inspizierenden Ob- 
jekt; und 

Spulenmittel der Flachenbauart, urn das Objekt 
zu veranlassen, Ultraschallwellen in dem Ob- 
jekt zu ubertragen und zum Detektieren von Ul- 
traschallwellen hervorgerufen am Objekt, wo- 
bei die Spulenmittel eine erste Isolierschicht 
und ein Paarvon Spulen aufweisen, die aus ei- 
nem elektrisch leitenden Material hergestellt 
sind, die auf entgegengesetzt liegenden Ober- 
flachen der erwahnten ersten Isolierschicht 
ausgebildet sind und die koinsident miteinan- 
der durch die Isolierschicht positioniert sind. 

2. Elektromagnetischer akustischer Wandler nachAn- 
spruch 1, wobei eine der erwahnten Spulen zur 
Ubertragung zur Hervorrufung der erwahnten Ultra- 
schallwellen mit elektromagnetischen Wirkungen 
dient, wahrend die andere der Spulen zum Emp- 
fang zum Detektieren der Ultraschallwellen dient. 

3. Elektromagnetischer akustischer Wandler nach An* 
spruch 1 , wobei 

die Spulenmittel ferner zweite und dritte Iso- 
lierschichten aufweisen, die die erwahnten Spulen 
jeweils auf den Oberflachen der ersten Isolier- 
schicht uberdecken, und 

wobei erste Enden und zweite Enden der ent- 
sprechenden Spulen sich durch Durchgangslocher 
erstrecken, die durch die ersten und zweiten Isolier- 
schichten ausgebildet sind, und zwar zu der Ober- 
flache des Ultraschaliwandiers hin, wo die ersten 
und zweiten Enden mit aufceren Leitern verbindbar 
sind und die zweiten Enden gemeinsam zur Bildung 
einer gemeinsamen Erdklemme verbunden sind. 

4. Elektromagnetischer akustischer Wandler nach An- 
spruch 1, wobei die erwahnten Spulen der Spulen- 
mittel spiral- bzw. schraubenformig sind. 

5. Elektromagnetischer akustischer Wandler nach An- 
spruch 1, wobei die erwahnten Spulen der Spulen- 



mittel Meanderspulen sind. 

6. Elektromagnetischer akustischer Wandler nach An- 
spruch 4, wobei die erwahnten Magnetmittel ein 

5 Paar von Permanentmagneten aufweisen, die in ei- 
nem Raum positioniert sind. 

7. Elektromagnetischer akustischer Wandler nach An- 
spruch 4, wobei die Magnetmittel ein Paarvon Elek- 

10 tromagnetspulen aufweisen. 

8. Elektromagnetischer akustischer Wandler nach An- 
spruch 5, wobei die Magnetmittel einen Permanent- 
magneten aufweisen. 

15 

9. Elektromagnetischer akustischer Wandler nach An- 
spruch 5, wobei die Magnetmittel eine Elektroma- 
gnetspule aufweisen. 

20 10. Elektromagnetischer akustischer Wandler nach An- 
spruch 5, wobei die Spulenmittel mit den Meander- 
spulen eine Flexibility zur Aufbringung auf einem 
zylindrischen Objekt aufweisen. 

25 11. Elektromagnetischer akustischer Wandler nach An- 
spruch 10, wobei die Magnetmittel eine Elektroma- 
gnetspule aufweisen, die einen Innendurchmesser 
derart hat, dass das erwahnte zylindrische Objekt 
sich mit der Elektromagnetspule urn sich herum in- 

30 nerhalb der Elektromagnetspule entlang einer 
Langsrichtung erstrecken kann. 

12. Elektromagnetischer akustischer Wandler nach An- 
spruch 10, wobei der Ultraschallwandler ferner ei- 
35 nen Kern aus Magnetmaterial aufweist, wobei die 
Magnetmittel eine Elektromagnetspule aufweisen 
und wobei der Kern sich innerhaib der Elektroma- 
gnetspule entlang einer Langsrichtung erstreckt. 

40 13. Elektromagnetischer akustischer Wandler nach An- 
spruch 12, wobei der erwahnte Kern einen Durch- 
messer derart besitzt, dass er sich innerhaib des 
zylindrischen Objekts erstreckt. 

45 14. Elektromagnetischer akustischer Wandler nach An- 
spruch 12, wobei der Kern U-formige Gestalt be- 
sitzt, der Mittelteil des Kerns sich innerhaib der 
Elektromagnetspule erstreckt und beide Enden 
desselben Ringteile aufweisen, durch die sich das 

50 zylindrische Objekt erstrecken kann. 

1 5. Elektromagnetischer akustischer Wandler nach An- 
spruch 14, wobei jeder der Ringteile in mindestens 
zwei Teile unterteilt ist, wodurch das zylindrische 

55 Objekt leicht in die Ringteile eingesetzt werden 
kann. 

16. Elektromagnetischer akustischer Wandler nach An- 
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spruch 5, wobei die Magnetmittel ein Paar von Per- 
manentmagneten aufweisen, und die Spulenmittel 
als ein Paar von Flachenspuleneinheiten ausgebil- 
det sind, die zwischen den Permanentmagneten 
angeordnet sind. 

1 7. Elektromagnetischer akustischer Wandler nach An- 
spruch 5, wobei die Magnetmittel einen Permanent- 
magneten aufweisen und die Spulenmittel als ein 
Paar von Flachenspuleneinheiten ausgebildet sind, 
die zwischen dem Objekt und dem Permanentma- 
gneten angeordnet sind. 

18. Elektromagnetischer akustischer Wandler nach An- 
spruch 5, wobei die Magnetmittel einen Permanent- 
magneten mit einer U-Form besitzen und die Spu- 
lenmittel als ein Paar von Flachenelementspulen- 
einheiten ausgebildet sind, die zwischen beiden 
Enden des erwahnten Permanentmagneten uber 
dem Objekt positioniert sind. 



miere couche isolante, et 
des premiere et seconde extremites desdites 
bobines respectives traversent des trous tra- 
versants formes dans lesdites premiere et se- 
5 conde couches isolantes a la surface dudit 

transducteur ultrasonique, la ou lesdites pre- 
miere et seconde extremites peuvent etre con- 
nectees a des fils exterieurs et lesdites secon- 
des extremites sont connectees ea commun 
10 pour former une borne de masse commune. 

4. Transducteur electromagnetique-acoustique selon 
la revendication 1, dans lequel lesdites bobines 
desdits moyens en forme de bobines sont des bo- 

15 bines spirales. 

5. Transducteur electromagnetique-acoustique selon 
la revendication 1, dans lequel lesdites bobines 
desdits moyens en forme de bobines sont des bo- 

20 bines sinueuses. 
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Revendications 

1. Transducteur electromagnetique-acoustique 25 
comprenant : 



6. Transducteur electromagnetique-acoustique selon 
la revendication 4, dans lequel lesdits moyens en 
forme d'aimants sont constitues par une paire 
d'aimants permanents positionnes a I'interieur d'un 
espace. 



des moyens en forme d'aimants pour produire 
un champ magnetique statique applique a un 
objet a inspecter; et 30 
des moyens en forme de bobines du type en 
forme de feuilles pour amener ledit objet a 
transmettre des ondes ultrasoniques dans ledit 
objet et a detecter des ondes ultrasoniques pro- 
voquees sur ledit objet, lesdits moyens en for- 35 
me de bobines incluant une premiere couche 
isolante et une paire de bobines qui sont for- 
mees d'un materiau electriquement conduc- 
teur, sont formees sur des surfaces opposees 
de ladite premiere couche isolante, et sont po- 40 
sitionnees de maniere a coincider entre elles 
moyennant Interposition de ladite couche iso- 
lante. 

2. Transducteur electromagnetique-acoustique selon 45 
la revendication 1, dans lequel Tune desdites bobi- 
nes sert pour declencher lesdites ondes ultrasoniqu 

es avec des actions electromagnetiques, et I'autre 
est prevue pour la reception de maniere a detecter 
lesdites ondes ultrasoniques. 50 

3. Transducteur electromagnetique-acoustique selon 
la revendication 1, dans lequel : 

lesdits moyens en forme de bobines compren- 55 
nent en outre des seconde et troisieme cou- 
ches isolantes qui recouvrent lesdites bobines 
respectivement sur les surfaces de ladite pre- 



7. Transducteur electromagnetique-acoustique selon 
la revendication 4, dans lequel lesdits moyens en 
forme d'aimants comprennent une paire de bobines 
forma nt solenoTdes. 

8. Transducteur electromagnetique-acoustique selon 
la revendication 1 , dans lequel lesdits moyens en 
forme d'aimants comprennent un aimant perma- 
nent. 

9. Transducteur electromagnetique-acoustique selon 
la revendication 5, dans lequel lesdits moyens en 
forme d'aimants comprennent une bobine formant 
solenoTde. 

10. Transducteur electromagnetique-acoustique selon 
la revendication 5, dans lequel lesdits moyens en 
forme de bobines comportant lesdites bobines si- 
nueuses possedent une flexibilite pour s'appliquer 
sur un objet cylindrique. 

11. Transducteur electromagnetique-acoustique selon 
la revendication 10, dans lequel lesdits moyens en 
forme d'aimants comprennent une bobine formant 
solenoTde qui possede un diametre interieur de telle 
sorte que ledit objet cylindrique, qui est entoure par 
ladite bobine formant solenoTde, peut s'etendre a 
I'interieur de ladite bobine formant solenoTde dans 
une direction longitudinale. 

12. Transducteur electromagnetique-acoustique selon 
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la revendication 10, dans lequel ledit transducteur 
a ultrasons comporte en outre un noyau forme d'un 
materiau magnetique, lesdits moyens en forme 
d'aimants comprennent une bobine formant sole- 
noide, et ledit noyau s'etend a Tinterieur de ladite 5 
bobine formant solenoide dans une direction longi- 
tudinaie. 

13. Transducteur electromagnetique-acoustique selon 

la revendication 12, dans lequel ledit noyau posse- *o 
de un diametre de telle sorte qu'il peut s'etendre a 
I'interieur dudit objet cylindrique. 

14. Transducteur electromagnetique-acoustique selon 

la revendication 12, dans lequel ledit noyau posse- 1$ 
de une forme de U, dont la partie centrale s'etend 
a I'interieur de ladite bobine formant solenoide et 
dont les deux extremites comportent des parties an- 
nulaires, a travers lesquelles peut s'etendre ledit 
objet cylindrique. 20 

15. Transducteur electromagnetique-acoustique selon 
la revendication 14, dans lequel chacune desdites 
parties annulaires est divisee en au moins deux par- 
ties, ce qui a pour effet que ledit objet cylindrique 25 
est aisement insere dans les parties annulaires. 

16. Transducteur electromagnetique-acoustique selon 
la revendication 5, dans lequel lesdits moyens en 
forme d'aimants comprennent une paire d'aimants 30 
permanents et lesdits moyens en forme de bobines 
sont constitues par une paire d'unites de bobines 

en forme de feuilles, qui sont disposees entre les- 
dits aimants permanents. 

35 

17. Transducteur electromagnetique-acoustique selon 
ia revendication 5, dans iequei lesdits moyens en 
forme d'aimants comprennent un aimant perma- 
nent, et lesdits moyens en forme de bobines sont 
realises sous la forme d'une paire d'unites de bobi- 40 
nes en forme de feuilles, qui sont positionnees entre 
ledit objet et ledit aimant permanent. 

18. Transducteur electromagnetique-acoustique selon 

la revendication 5, dans lequel lesdits aimants per- 45 
manents comprennent un aimant permanent ayant 
une forme de U et lesdits moyens en forme de bo- 
bines sont agences sous la forme d'une paire d'uni- 
tes de bobines en forme de feuilles, qui sont posi- 
tionnees entre les deux extremites dudit aimant per- 50 
manent au-dessus dudit objet. 
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Fig. 2(a) 
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Fig. 2(b) 
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Fig. 3 
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Fig. 4(a) 
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Fig. 4(b) 
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Fig. 6(a) 
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Fig. 7(a) 
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Fig. 8(b) 
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Fig. 70(o) 
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Fig. 21 
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